ABSTRACT Pandian, C., Selvan, S.T., Rajini, R. Asha, Parthiban, M. and Karthickeyan, S.M.K. 2017. Morphometric analysis of ostrich (Struthio camelus) spermatozoa by light and transmission electron microscopy. Indian Journal of Poultry Science, The ostrich spermatozoa when viewed under light microscope, exhibited a typical filiform-shape, consisting of head and tail connected by an indistinct neck. The ostrich spermatozoa had a relatively straight or gently convoluted head tapered anteriorly and consisted of a clearly defined nucleus capped by a small conical acrosome, which occasionally appeared as pointed. In morphometric analysis, the acrosome and nucleus displayed a mean length of 1.22±0.05 µm and 14.14±0.21 µm, respectively, giving a mean total head length of 15.36±0.25 µm. The mean lengths of the mid-piece, principal piece and end piece observed to be as -3.04±0.07 µm, 54.82±0.71 µm and 2.99±0.05 µm, respectively. The mean total tail length was 60.86±0.74 µm and the mean total spermatozoa length was 76.22±0.82 µm. The mean values of nucleus, mid-piece and principal piece width were 1.05±0.03 µm, 0.63±0.02 µm and 0.39±0.02 µm, respectively. The tail to head ratio was 4.00±0.07 µm. The common morphological abnormalities observed in ultra-structure were denuded acrosome, discontinued plasmalemma, disintegration of nucleus, bent mid-piece and detached tail.
INTRODUCTION
Sperm morphology plays an important role in the assessment of semen quality (Malmgren, 1997) and considered as the most important parameter in assessing male fertility in the ostrich (Bertschinger et al., 1992) . The morphology, ultrastructure and functions of ostrich spermatozoa have been of immense scientific interest for several reasons and are important in ostrich production, conservation and in the use of sperm morphometry as phylogenetic evidence. Numerous studies have detailed the morphologic features of both normal and defective spermatozoa in chicken, turkey, duck, goose, Japanese quail, and guinea fowl (Thurston and Hess, 1987) , while little information is available regarding ostrich spermatozoa. Hence, the present study was carried out to assess the morphology of ostrich spermatozoa to provide a comprehensive morphological description.
MATERIALS AND METHODS
The semen samples collected twice weekly from nine adult ostriches aged six to nine years from Post Graduate Research Institute in Animal Sciences, Tamil Nadu Veterinary and Animal Sciences University, Chennai, Tamil Nadu, India were utilized to assess the morphology of spermatozoa both by light and transmission electron microscope (TEM). Semen was collected by teaser method using artificial cloaca (AC) as described by Malecki and Martin (2005) and Rybnik et al. (2007) . Eosin-Nigrosin staining technique was used for light microscopic study as described by Bakst and Cecil (1997) . For transmission electron microscopic (TEM) study, 20 microliter of diluted semen sample was added to 10 µl of 1% phosphotungstic acid and mixed well. On the surface of mixture, copper coated grid was placed and by using blotting paper, the excess fluid was absorbed and the grid was transferred to the petridish and incubated at 37°C for 15-30 min. Then, the gird was viewed under TECNAI 10 TEM at Centralized Instrumentation Laboratory, Madras Veterinary College, Chennai (Test procedure: Institute of Science and Technology, Austria).
RESULTS AND DISCUSSION

Light microscopy (LM) study
The ostrich spermatozoa when viewed under LM, using phase contract illumination and a 100x oil immersion lens exhibited a typical filiform-shape, consisting of head and tail connected by an indistinct neck as shown in Plate 1. The ostrich spermatozoa had a relatively straight or gently convoluted head tapered anteriorly and consisted of a clearly defined nucleus capped by a small conical acrosome, which occasionally appeared as pointed. The same has been described as opined by Lake et al. (1968) in chicken and Soley (1993) in ostrich. Ostrich spermatozoa closely resemble those of other ratites as reported by Plessis and Soley (2014) in emu, Goes et al. (2010) in captive rhea and Lake et al. (1968) in chicken, goose and turkey.
The tail was composed of three distinct segments, namely, mid-piece, principal piece, and end piece. The base of the head was continuous with the mid-piece, the first segment of the tail. The nuclear base and the proximal end of the mid-piece were of similar diameter although the mid piece as a unit was thinner than the head. The mid-piece revealed no specific features under -LM and was often difficult to distinguish from the rest of the tail. After termination of the mid-piece, the tail continued as long undulating principal piece. The principal piece was thinner than the mid-piece and terminated in a short, visibly thinner and non-conspicuous end piece of variable length.
The five defined segments namely, acrosome and nucleus forming the head; and mid-piece, principal piece and end piece constituting the tail are clearly demonstrated in this study as reported by Soley (1992) in ostrich. The average length (76.22 µm) of ostrich spermatozoa observed in the present study was higher than that of previous reports by Walsangkar (2010) in ostrich (59.28 µm) and Plessis and Soley (2014) in emu (67.64 µm). However, Szumowski et al. (1976) and Wooley (1995) observed comparatively higher spermatozoa length (165 and 227 µm, respectively) in pigeon and quail, respectively.
Morphometric analyses of various segments mainly, the head length (15.36 µm), tail length (60.86
Plate 1: Light microscopy (a) Normal spermatozoa (b) Abnormal spermatozoa µm) and total spermatozoa length (76.22 µm) were comparable with the earlier findings of Thurston and Hess (1987) in chicken (90 µm) and turkey (80 µm). The variations observed in spermatozoa length may be due to the genetic background of these species.
Transmission Electron Microscopy (TEM) study
The biometry of head, mid-piece and tail of ostrich spermatozoa measured by TEM are presented in Table  1 . The ultra structure of spermatozoa images were taken from a range of 1850 to 3700x magnification by TEM and are presented in Plate 2. Ostrich spermatozoa displayed a short, conical acrosome which covered the tapered tip of the long, cylindrical nucleus. A nuclear invagination housing an acrosomal rod extended deep within the karyoplasm. A centriolar complex was found situated beneath the head and consisted of a short proximal centriole and a long distal centriole which extended to the complete length of the mid-piece. The mid-piece was surrounded by a mitochondrial sheath. Concentrations of fine granular material were present between the mitochondria. The principal piece of the tail was demarcated from the mid-piece by a distinct annulus and characterized by a ribbed fibrous sheath enclosing a typical axoneme. The end-piece contained a disorganized collection of axonemal microtubules.
Plate 2: Transmission electron microscopy (a) Normal spermatozoa 1650x
The biometry study by transmission electron microscope on different parts of ostrich spermatozoa mainly head, mid-piece, principal piece and end piece of tail coincides with that of Baccetti et al. (1991) , Soley (1992) , Plessis and Soley (1994) , Walsangkar (2010) , Plessis and Soley (2011) and Sundaresan (2014) in ostrich and emu. The acrosome length (1.22±0.05 µm) of ostrich spermatozoa observed during this study differs very little from earlier reports of Soley and Roberts (1994) in ostrich (1.91 µm), Thurston and Hess (1987) in chicken (>2.0 µm). The nucleus of ostrich spermatozoa is smooth in appearance, unlike the rough surface described for chicken, turkey and guinea fowl spermatozoa as reported by Thurston and Hess (1987) . The nuclear length (14.14±0.21 µm) of the ostrich spermatozoa observed in this study falls within the range reported by Thurston and Hess (1987) in chicken (10-14 µm). The mid-piece of the ostrich spermatozoa (3.04±0.07 µm) observed in segments may be due to differences in species, breed and age of the birds selected for the study. The common morphological abnormalities observed in ultrastructure were denuded acrosome, discontinued plasmalemma, disintegration of nucleus, bent mid-piece and detached tail (Plate 3 and 4).
From the above study it is concluded that ostrich spermatozoa contains five defined segments namely acrosome, nucleus, mid-piece, principal piece and end piece were typically filiform in shape, and differ in a number of aspects from that of other ratites and galliform birds such as the absence of a typical perforatorium, the presence of ribbed fibrous sheath and a deep nuclear invagination. the present study is similar in length as reported by Phillips and Asa (1989) in rhea (3.0 µm) and Plessis and Soley (1994) in ostrich (3.16 µm). The principal piece of the tail typically forms the longest segment of the sperm cell, and the present study (54.82±0.71 µm) was comparable with earlier findings by Plessis and Soley (1994) in ostrich (51.18 µm). The junction between principal piece and end piece in ostrich spermatozoa is easily distinguished as reported by Soley and Roberts (1994) . The end piece length of the ostrich spermatozoa found in this study (2.99±0.05 µm) coincides with earlier reports by Soley and Roberts (1994) in ostrich (2.39 µm). The mean values of nucleus, mid-piece and principal piece width were 1.05±0.03 µm, 0.63±0.02 µm and 0.39±0.02 µm, respectively. The nucleus width of spermatozoa (1.05 µm) observed in our study was comparable with the earlier reports by Soley (1993) in ostrich. In this study, remnant of the fibrous sheath was seen in the end piece of the spermatozoa as reported by Soley and Groenewald (1999) 
